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The Azimuthal Decorrelation of Jets Widely Separated in

Rapidity

The D� Collaboration �

Fermi National Accelerator Laboratory, Batavia, Illinois 60510

(June 27, 1997)

Abstract

We present a study of the azimuthal decorrelation between jets with pseudo-

rapidity separation up to six units. The data were accumulated using the D�

detector during the 1994{1995 collider run of the Fermilab Tevatron at
p
s =

1.8 TeV. The data are compared to two parton shower Monte Carlos (her-

wig and pythia) and an analytical prediction using the leading logarithmic

BFKL resummation. The �nal state jets as predicted by the parton showering

Monte Carlos describe the data over the entire pseudorapidity range studied.

The prediction based on the leading logarithmic BFKL resummation shows

more decorrelation than the data as the rapidity interval increases.

�Submitted to the International Europhysics Conference on High Energy Physics,

August 19 { 26, 1997, Jerusalem, Israel.
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I. INTRODUCTION

The exponential growth of the dijet inclusive cross section with increasing rapidity in-
terval (��) between the tagging jets at the extremes of rapidity was originally proposed as
a signature of the QCD perturbative pomeron [1]. This is the prediction of the solution
of the Balitsky, Fadin, Kuraev, and Lipatov (BFKL) equation [2] obtained by resumming
the leading logarithmic contributions to the radiative corrections to parton scattering in the
high-energy limit.

At a �xed collider energy, the azimuthal angle decorrelation of jets widely separated in
rapidity was suggested as an alternative approach to search for the e�ect [3,4]. The broad-
ening of the azimuthal angle di�erence distribution with increasing dijet rapidity interval is
a characteristic feature of BFKL dynamics. The �rst measurement of the azimuthal decor-
relation between jets with pseudorapidity separation up to �ve units was reported by the
D� collaboration [5]. We have extended the previous measurement with pseudorapidity
separation up to six units by employing a lower, symmetric ET threshold cut (20 GeV) with
new data collected by the D� detector [6] during the 1994-1995 collider run. We report
preliminary results for the �� distribution and for hcos(����)i as a function of ��, where
�� = �1 � �2 is the di�erence in azimuth of the two tagging jets and �� = �1 � �2 is
the di�erence in pseudorapidity. Quantitatively, hcos (� ���)i = 1 corresponds to com-
plete correlation and hcos (� ���)i = 0 to complete decorrelation. Results from data are
compared to an analytical prediction based on BFKL resummation [7], and to two par-
ton showering Monte Carlos, herwig [8] and pythia [9] in which higher order e�ects are
approximated by a parton shower superimposed on a leading order 2 to 2 parton process.

II. EVENT SELECTION AND ANALYSIS CUTS

The D� detector is particularly suited for this measurement owing to its uniform calori-
metric coverage to j�j <� 4:0. The uranium{liquid argon sampling calorimeter facilitates jet
identi�cation with its �ne transverse segmentation (0:1 � 0:1 in �� � ��) and good jet
energy and position resolution.

The trigger consists of three levels. The �rst (L�) requires hits in beam-beam scintillation
counters signalling the presence of an inelastic collision. The second level (L1) looks for
localized energy deposits in 0:2 � 0:2 (�� � ��) towers in the calorimeter. The third
level (L2) implements a cone based jet-�nding algorithm (R = 0:7) using calorimeter cell
information. We triggered on jets out to j�j = 4:0 using two triggers specialized for the
decorrelation analysis. One (inclusive) required a single interaction at L�, one trigger tower
above 2 GeV at L1, and one jet above 12 GeV at L2. The other (forward) trigger had the
additional pseudorapidity constraints j�j > 2:0 at L1 and j�j > 1:6 at L2.

For the study, the �xed cone jet algorithm with R = 0:7 is used with the Snowmass angle
de�nition for � and � position of the jet [10]. A series of cuts are imposed to remove events
contaminated by cosmic rays, instrumental noise, and multiple interactions as well as events
with a vertex far from the nominal center of the detector. Jet energy scale corrections were
applied o�ine and spurious jets were removed before a minimum ET cut of 20 GeV was
applied. Selecting events having at least two jets, we tagged the two jets at the extremes of
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FIG. 1. The �� distribution

- closed circle marks are from

the inclusive trigger and open are

from the forward trigger.

FIG. 2. The average jet mul-

tiplicity with ET > 20 GeV as a

fuction of ��. Errors are statisti-

cal only.

rapidity and required their boost (j��j = j�1 + �2j=2) to be less than 0.5 to avoid any trigger
bias. For the forward trigger, one of the two tagging jets was required to be at j�j > 2:25
to ensure full trigger e�ciency, and events from this trigger were used only for �� � 4:5.
Events passing all analysis cuts have been divided into unit �� bins, except for the lowest
bin (0:0 < �� < 0:5) which is half as wide. The nth unit �� bin ranges from n � 0:5 to
n+ 0:5 up to n = 6. All distributions are plotted at the average value of �� for each bin to
properly take into account the steeply falling �� distribution as shown in Fig. 1.

III. RESULTS

In leading order QCD, the two outward going jets must be completely correlated since
they are back-to-back in azimuth and balanced in transverse momentum. In higher order
processes, the correlation of the two jets is eventually weakened due to additional radiation.
To look for evidence of additional radiation as the rapidity interval increases, we study the
average jet multiplicity and the azimuthal decorrelation.

Average Jet Mutiplicity

The degree of decorrelation of the two tagging jets is strongly related to the amount of
additional radiation which may manifest itself as additional jet activity (M � jet multiplic-
ity). We plot hM � 2i for jets with ET > 20 GeV as a function of �� in Fig. 2. As ��
increases, the average multiplicity increases, which indicates more hadron activity at large
rapidity intervals. From the plot, the multiplicity increases linearly and has a relationship
hM � 2i � 0:08 ���. However, this does not directly quantify the decorrelation since jets
below 20 GeV or any other soft radiation are not considered. Furthermore, the increase of
multiplicity may also be due to the larger kinematical space allowed for radiation between
the two tagging jets as their rapidity interval increases.
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FIG. 3. The azimuthal angle

di�erence (�� = �1 � �2) distri-

bution of the two jets at the ex-

tremes of pseudorapidity plotted

as j1 � ��=�j for h��i = 1:00

(0:5 < �� < 1:5) and 4.87

(4:5 < �� < 5:5). The errors are

statistical only.

FIG. 4. The correlation vari-

able used in this analysis, the av-

erage value of cos(� � ��) vs.

��, for the data, (particle level)

herwig and pythia, and the

BFKL calculations of Del Duca

and Schmidt.

Azimuthal Decorrelation

The widening of the �� distribution as �� increases is a qualitative feature of the
azimuthal decorrelation. The azimuthal angular separation, j1 ���=�j, is plotted for the
average of �� within unit bins centered at �� = 1 and 5 in Fig. 3. Since each distribution
is normalized to unity, the decorrelation between the two most widely separated jets can
be seen in either the relative decline near j1 � ��=�j = 0 or the relative increase near
j1���=�j = 1 as �� increases.

To quantify the decorrelation e�ect, we de�ne a correlation variable hcos(����)i, which
varies from unity for the completely correlated case to zero for the completely uncorrelated
one. As shown in Fig. 4, hcos(����)i decreases as �� increases, that is, the decorrelation
increases with rapidity interval. For the data, corrections have been applied to determine
the �nal values of hcos(� ���)i. These include corrections for the trigger ine�ciency, the
reconstruction ine�ciency, the jet energy resolution, and multiple interactions. The error
bars on data points represent the statistical and uncorrelated systematic errors added in
quadrature. Uncorrelated systematic errors include the e�ects of the jet position resolution
and instrumental backgrounds as well as uncertainties of applied corrections. In addition,
the band at the bottom of the plot represents the correlated uncertainties due to the energy
scale corrections. Also shown in Fig. 4 are the predictions from the BFKL resummation
in the leading logarithmic approximation (LLA) [7], and from herwig and pythia with
statistical errors only. The prediction of the BFKL resummation, which is valid for large
�S��, is shown for �� � 2.

7



CONCLUSIONS AND REMARKS

We have measured the azimuthal decorrelation of two jets as a function of their rapidity
di�erence using the D� detector at the Tevatron. The decorrelation increases with increas-
ing ��. These e�ects are described by herwig and pythia within the uncertainties of the
measurement. A theoretical prediction based on BFKL resummation in LLA predicts too
much decorrelation as the rapidity interval increases. The motivation of this analysis was
to probe possible signatures of BFKL dynamics at the Tevatron. It seems that no clear
signature of the BFKL pomeron has been observed within the kinematical region that we
have studied. Nonetheless, there are still several open questions to be answered for the
future understanding of BFKL dynamics and higher order QCD processes at the Tevatron.
These include the validity of and the errors in the leading logarithm BFKL approximation
within 2 � �� � 6, the size of next-to-leading corrections to the BFKL matrix elements,
and sensitivity of the measurement of the azimuthal decorrelation to probe BFKL dynam-
ics at the Tevatron. E�orts to answer these questions are currently underway, such as the
next-to-leading logarithmic BFKL calculation [11] and a study of the center of mass depen-
dence of the inclusive dijet cross section at large rapidity interval at the Tevatron originally
suggested by Mueller and Navelet [1,12]. Recently a BFKL event generator superimposing
kinematical constraints for radiation between two tagging jets with the leading logarithmic
BFKL calculation has also become available [13].
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